Cerebral venous thrombosis (CVT) and dural sinus thrombosis are rare types of brains strokes, which has a prevalence of 5 per 1 million and include about 0.5-1% of strokes. In opposed to other types of stroke CVT is especially prevalent in young patients (less than 50 years old), and its median age is 37. 1 CVT has various presentations; however, headache is the most frequent chief complaint in these patients. These patients could present with seizures, altered mental status, focal neurologic deficits, like aphasia, paresthesia, and paraplegia, intracranial hypertension, papilledema, visual disorders such as diplopia, sixth nerve palsy, and encephalopathy. [2] [3] [4] Broad range of risk factors can cause CVT, including oral contraceptives, pregnancy and puerperium, 5 head and neck infections, drugs like steroids, hormone therapy and chemotherapy, head trauma, thrombophilias, dysfibrinogenemia, antiphospholipid syndrome,6 protein C, protein S or antithrombin III deficiency, increased factor VIII, prothrombin 20210A mutation, mutation of factor V Leiden and minor procedures. 5, [7] [8] [9] CVT can be fatal, and its mortality rate is about 10% to 20%. Moreover, CVT's morbidity is related to the focal neurological deficit and recurrent seizures, which are the significant consequences of CVT, 1,9 so diagnosing The gold standard for diagnosing CVT is magnetic resonance venography (MRV) or computed tomographic venography (CTV), as these modalities are not available in many health centers and the early diagnosis of this disease improves significantly the outcome of treatment, we evaluated the diagnostic values of CT and magnetic resonance imaging (MRI) in CVT patients.
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Computed tomography (CT), magnetic resonance imaging (MRI), magnetic resonance venography (MRV), CT venography (CTV) and digital subtraction angiography (DSA) remain the diagnostic neuroimaging modalities for cerebral venous or dural sinus thrombosis in patients manifesting the presentations as mentioned earlier. 10, 11 MRV and CVT are most accurate in thrombosis detection. 12 However, these devices are not available in all clinics and hospitals, meanwhile many of these centers equipped to CT and MRI apparatus. Hence evaluation of the diagnostic values of CT and MRI could lead to correct diagnosis and accelerate the appropriate treatment which is anticoagulation and thrombolytic therapy.
This study aims to retrospectively investigate the findings of thrombosis in CT and MRI of patients with CVT in order to evaluate the diagnostic values of these neuroimaging modalities.
Methods
We used the electronic in-hospital database of Loghman Hakim hospital in this retrospective single-center hospital-based study. We compiled and investigated the radiological and clinical records of 92 patients with the final diagnosis of CVT and dural sinus thrombosis irrespective of sex and age from March 2014 until June 2018.
All patients presenting with the diagnostic criteria of CVT, confirmed using noncontrast CT (NCCT) or MRI, followed by MRV or CTV included in our study, but 18 patients who did not have radiological images and reports of either CT, MRI or CTV, MRV or with low-quality images excluded from analysis. Patients with the sole presentation of intracranial hemorrhage (ICH) and the absence of thrombosis in NCCT excluded either.
All MRV, CTV, MRI, and CT without contrast images were observed and reviewed by one neurologist and one radiologist. In 2 cases we used CTV for confirmation.
In NCCT studies we used direct signs of thrombosis in cortical vein or sinus represents the possibility of CVT. We searched for spontaneous density, cord sign and triangle sign in NCCT.
In the contrasted CT, prominent vascular or dural enhancement is a sign of thrombosis the filling defect of empty delta sign could also demonstrate the superior sagittal sinus or transverse or sinus thrombosis. We equally considered evidence of hemorrhagic infarction or ICH subarachnoid hemorrhage and cerebral hematoma as a possibility of CVT.
In MRI studies we investigated the presence of thrombus in T1-weighted images of MRI or changes in intensity and inhomogeneous signal abnormality, i.e., hypointensity on T2-weighted images in the acute phase ( first five days) and hyperintensity on T1 and T2-weighted or FLAIR images in the subacute phase.
MRV or CTV performed in all cases for confirmation of CVT diagnosis. We compared these presentations in CT and MRI with loss of signal in the sinus or venous on MRV or the visualization of thrombosis in CT venogram (CTV).
Statistical Analysis
All the acquired data were transformed into a database using Microsoft Excel, then the statistical measures, sensitivity, specificity, positive predictive value, negative predictive value, positive and negative likelihood ratio, and accuracy was calculated using SPSS 21. The frequency of females with CVT vs. males and the CVT patients in warm seasons vs. in cold season were also measured.
Results

Clinical Data
Ninety-two patients with first and final diagnosis of cerebral venous and sinus thrombosis observed. Sixtytwo persons (67%) were female, and 30 persons (32%) were male. In the proportion of male to female ratio, as we expected the rate of CVT in women was more significant ( Table 1 ).
As Table 1 shows, 61 (66%) of CVT cases have been occurred in the hot season (spring and summer in the Northern hemisphere). Hence 31 (34%) of CVT cases happened in the cold seasons (autumn and winter).
From 92 patients recorded with the diagnosis of CVT, 18 patients had been excluded in our imaging study, as they lacked either MRV or one of the modalities of CT or MRI, therefore the radiologic images and reports of 74 patients with CVT, 52 female (70.3%) and 22 (29.7%) male, were investigated.
Fifty CVT patients had both radiologic images of CT and MRV, from which four patients (8%) demonstrated false positive and 15 patients (30%) had false negative results.
We found that the sensitivity of CT scan in diagnosing cerebral venous/sinus thrombosis is 60.5%, and the specificity of CT is 66.7%. The positive predictive value of CT is 85%, and its negative predictive value is 34%. Our study demonstrated that the accuracy of CT in diagnosing CVT patients is 62% moreover the positive and negative likelihood ratio for this modality is 1.81 and 0.59 (Table 2) . Whereas 67 patients had both MRI and MRV images and reports, among them three patients with CVT (4.4%) had a false positive result in their MRI, and seven patients (10.4 %) had false negative results.
Our results showed that the sensitivity of MRI in diagnosing cerebral venous/ sinus thrombosis is 87%, and the specificity of MRI is 76.9%. Hence the positive predictive value of MRI is 94%, and the negative predictive value is 58%. Table 2 also reveals that the accuracy of this modality in diagnosing CVT patients is 85% moreover the positive and negative likelihood ratio of MRI is 5.91 and 0.26.
Discussion
Even though different modalities for recognition of thrombosis in cerebral venous or sinus, many patients with CVT are misdiagnosed or not diagnosed at all. CVT affects both sexes and all age groups, including many young individuals and if they go untreated, severe complication or even death could occur. Therefore, the accurate and rapid diagnosis of CVT is crucial. Clinical presentations of CVT varies in each patient and laboratory findings are not diagnostic. The standard gold test for CVT is MRV or CTV, 13 but many clinics cannot operate MRV, so we evaluated the statistical values of CT scan and MRI in suspicious cases, in the case that the modalities as mentioned earlier are not available. Our study indicated that from 82 patients with cerebral venous and sinus thrombosis, 62 patients were female and 30 patients were male. In the proportion of male to female ratio, as we expected the rate of females with CVT was higher, which is compatible with previous studies and it is due to OCP usage and disorders increasing hypercoagulability in women such as antiphospholipid antibody syndrome, 6, [14] [15] [16] although the rate of CVT in male patients is a little higher than some previous studies. 11, 17, 18 We found that thromboses in venous and sinuses happen more often in summer or spring than in winter and autumn. This warm season tendency is due to more body dehydration in these seasons, which increases the risk of thrombosis. The most common presentation was a headache, compatible with other studies. [19] [20] [21] Our results demonstrated that the sensitivity of CT scan in the diagnosis of CVT is 60.5% and the specificity of CT is 66.7%. These amounts are lower than the study by Linn et al, indicating sensitivity of 64.6% and specificity of 97.2% only for the cord sign. 17 Moreover, the study by Avsenik et al showed the sensitivity of 100% and specificity of 83% in NCCT in patients with CVT. 10 Probably due to our larger sample size and because we did not include the finding of intracerebral edema alone in our positive results.
Our positive results consist of intracerebral hemorrhage, attenuated vein sign or cord sign presentation in CT Table 2 . Diagnostic validity of CT and MRI in CVT images ( Figure 1A) .
Our CT results indicated lower percentage of false positive and false negative compared to the study by Tang et al, 22 (52.6% false negative). Four patients had false positive (8%) and 15 patients had false negative (30%) results. The study by Linn et al 17 showed the false positive rate almost same as our results (5 persons), although their false negative rate was higher (28 patients).
Our study represents the more considerable value of CT scan in the diagnosis of thrombosis in CVT patients. Moreover the positive predictive value and negative predictive value of CT was 85% and 34%, these results demonstrate the higher probability of the disease in the positive NCCT, however the negative result cannot rule out the CVT.
The positive likelihood ratio of 1.81 indicates the more significant benefit of CT for ruling in CVT in individuals with positive results.
Furthermore, the accuracy of CT is 62%, which together with all of the other findings state that manifestation of thrombosis in CT images in the absence of MRV or CTV neither certainly approve the diagnosis of CVT nor rule it out.
CT images could use as the first step in suspicious CVT patients in the absence of other modalities, yet they must verify by MRV ( Figure 1B) Our findings showed that MRI has a sensitivity of 94% and specificity of 58% in diagnosing cerebral venous and sinus thrombosis. In the study by Daghighi et al, 13 the specificity of MRI was also relatively low, comparing to MRI's sensitivity and MRV. Three individuals (4.4%) had false-positive results, and seven individuals (10.4%) had false negative results. The similar study by Tang et al 22 stated 11% false negative rate for MRI, which is higher compared to our findings.
The 94% positive predictive value of MRI indicates the significance of its positive results is, although the negative predictive value is 58% so it cannot rule out the diagnosis of CVT. We found that the accuracy of this modality in diagnosing thrombosis in the sinus or venus is 85%, which does not vary significantly from MRV or CTV.
The positive likelihood ratio (+LR) of MRI is 5.91 which is much higher than 1 and indicates that the positive result highly associated with CVT. Hence the negative likelihood ratio of MRI is 0.26, which these high variations between +LR and the -LR amounts reveal the more significant potential of MRI in diagnosing the cerebral thrombosis.
Conclusion
Cerebral venous and sinus thrombosis could be fatal, and it has a high morbidity rate so a rapid diagnosis of this disease would decrease its mortality and morbidity rate. Although the standard gold test for diagnosing CVT is MRV or CTV, in the absence of this modality MRI and CT scan have relatively good diagnostic values, besides MRI is more beneficial between the two and the positive results of MRI suggest the thrombosis strongly in the cerebral sinus or vein. The prevalence of CVT is more prevalent among women, the probable reason is OCP, so women should be more concerned about using it. Thrombosis in venous or sinuses also occurs frequently in warm seasons rather than cold seasons. Therefore individuals with the risk factor for thrombosis should avoid becoming dehydrated in these seasons.
